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FOREWORD

Commercia industry is leading the way in implementing the use of modeling and simulation
tools to reduce product cost, time to market, etc. The wse of these tools results in leaner systems
that are more competitive in the global market. The emphasis within commercia industry is not
only to stay in business, but become more profit conscious. Many companies are seeing
declining revenues and higher profits. How is this possible? They have found ways to reduce
cost, in other words make their products more affordable. This occurs in many ways from
streamlined production, to the rapid introduction of new products, to strategic partnering,
including outsourcing or co-sourcing.

The ability to simulate manufacturing operations, prior to actual production, is having a
significant impact on product and process design decision making. Commercial simulation tools
have matured rapidly in recent years, but their use is still somewhat limited by the lack of
integration among sets of tools to evaluate cost, schedule, and risk. The SAVE program was
initiated to address this required integration.

The concept of affordability is a central theme in the Joint Strike Fighter (JSF) program. This is
seen in the genesis of the program: combining three products into one to leverage affordability
by streamlining development and production cost. In concept, all three derivative aircraft are
designed and manufactured jointly, with the exception of parts that are affected by customer
gpecific requirements (e.g., Navy, carrier based models, require additional structural
enhancements for the undercarriage). The design and manufacturing effort is characterized by a
single effort that encompasses all common parts with a split near the end to handle customer
specific requirements. The net result will be an affordable fighter through the leveraging of
common design and manufacturing efforts.

This concept was further expanded within the Manufacturing and Producibility Integrated
Product and Process Team (IPPT) through the sponsorship of six key initiatives including:

» JSF Manufacturing Capabilities Tool Set (JIMCATS) - Developing a tool set for analyzing
manufacturing risk and process capabilities with traceability back to basic product
requirements and functions.

» JSF Manufacturing Demonstration Program (JMD) - Developing an IPPT process with
supporting tools to assess manufacturing cost directly from CAD data bases and to collect
manufacturing information needed to drive cost engines.

* Virtuad Manufacturing Fast Track Program - An initial JSF demonstration showing the
usefulness of virtua manufacturing using an integrated environment of available software
design and manufacturing tools.

* Ribbonized, Organized, Integrated (ROI) Wiring Program - A JSF demonstration showing
the potential weight and cost savings using an ROI wiring architecture in atactical aircraft.

Xi
Distribution Statement A: Approved for public release. Distribution is unlimited.



*  Manufacturing Affordability Development Program (MADP) - A JSF Government Team
survey of twelve companies at seventeen facilities to identify pockets of manufacturing and
producibility successes which demonstrated affordability potential for the remainder of the
industry.

»  Simulation Assessment Validation Environment Program (SAVE) - Developing a method of
creating a virtual manufacturing environment through the integration of a set of ssmulation,
modeling and analysis tools.

Combined these programs are estimated to achieve a 12%-20% reduction in life cycle cost
through demonstration and implementation of improved processes and tools which reflect
manufacturing considerations early in design.

These programs were identified as a result of the 1994 Government Led Lean Forum Workshop.
The consensus topics from this workshop were Integrated Design and Cost; Modeling and
Simulation; Teaming; Factory Operations; and Design for Quality and Producibility. The results
of this workshop have led to the JSF sponsored programs listed above. The SAVE program
addresses the consensus topic of Modeling and Simulation.

The SAVE program is the integration of best of breed commercial off the shelf tools that support
the generation and analysis of data needed to make affordability based decisions. This leads to an
ability to perform cost/performance trade studies, thereby enabling the treatment of cost as an
independent variable by making cost clearly quantified as design requirements and decisions are
made. The integration is leveraging work from other DoD organizations so that high-end results
are attainable much faster than is possible without these capabilities. The end result will be a new
set of commercially available capabilities that can support the entire JSF customer, prime, team,
supplier and user base. SAVE provides the ammunition to drive affordability at al levels in the
program. The SAVE program is estimated to contribute to 1%-2% of the life cycle cost savings
listed above.

This report documents the guidelines for the implementation and use of SAVE within the JSF or
any other manufacturing program.

Xil
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ABSTRACT

The Joint Strike Fighter (JSF) Simulation Assessment Validation Environment (SAVE) Program
provides the capability to assess the manufacturing impacts of both product and manufacturing
process design decisions. By integrating Commercial Off- The-Shelf (COTS) modeling and
simulation tools into a seamless virtual environment, SAVE allows design teams to develop and
verify new affordable aircraft concepts before devel oping expensive hardware.

The SAVE infrastructure utilizes a Common Object Request Broker Architecture (CORBA)
based shared Data Model and Work Flow Manager and a commercia Electronic Collaborative
Design Notebook to integrate a suite of six commercial manufacturing tools which include
schedule, factory, assembly, dimensional variability, cost, and risk simulations. In the future,
other tools may be added by developing smple SAVE-compliant CORBA wrappers, and SAVE
will be available to extend to other problem domains such as operations and support simulations
to assess life-cycle issues.

SAVE expects to achieve significant cost savings for the JSF Program by providing integrated
design teams the capability to quickly perform “what-if* studies and accurately define a
product’s cost and risk early in the design process. While the SAVE initiative is vital b
achieving the affordability goals of the Joint Strike Fighter, the implementation of SAVE in
other design and manufacturing environments has the potential to generate equally impressive
cost savings.

This document provides user-appropriate documentation of the SAVE Virtual Manufacturing
(VM) Environment. Two primary focus areas include use and implementation. First, the
document describes the general concept of SAVE along with guidance for its application and
use. Next, it provides guidance for implementing a SAVE system including how to calculate the
costs and respective benefits for a given implementation. In addition, a number of appendices
are included to provide details on the various components of the system.
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1.0 Document Overview

This document, The Software User’s Manual, is intended to provide a user’s view of information
about the Simulation Assessment Validation Environment (SAVE) system. It is divided into a
series of chapters and appendices for ease of access to the desired information. The core
chapters discuss the concepts for operation of the SAVE environment and the steps necessary for
its successful use within an Integrated Product Team (IPT) environment. The appendices
provide additional detail that would be valuable to users who are applying the system. The
following list provides a summary of topics and their location within the document:

Chapter 1 Introduction

Chapter 2 Concept of Operations

Chapter 3 Usage Guidelines

Chapter 4 Implementation Plan

Chapter 5 User’s Guide for SAVE-Developed Software
Appendix A Sample SAVE Usage Scenarios

Appendix B Use Cases

Appendix C  Data Dictionary

Appendix D ASURE Wrapper User’s Guide

Appendix E  Cost Advantage Wrapper User’s Guide
Appendix F Factor AIM Wrapper User’s Guide
Appendix G IGRIP and QUEST Wrapper User’s Guides
Appendix H VSA-3D Wrapper User’s Guide

Appendix I  CATIA Costlink User’s Guide

AppendixJ  Cost Model User’s Guide

Appendix K Project 98 Wrapper User’s Guide
Appendix L Work Flow Manager User’s Guide
Appendix M Query Manager User’s Guide

Appendix N SAVE Training Material

Appendix O SAVE Vendor Tool Input/Output Mapping
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2.0 Background - Rapid Growth in the Desire to Apply Virtual
Manufacturing

When Concurrent Engineering (CE) burst upon the scene in the mid-1980s, acceptance of its
concepts grew rapidly. The central precept of CE is the use of multidisciplinary teams
representing all facets of the design and manufacturing processes. Each team focuses on the
combined problems of product and process development, and strives to eliminate the "over-the-
wall" hand-off of data from one organization to the next. Early adopters of the CE approach
demonstrated significant improvements in product cost, quality, and time to market. Early
consideration of the manufacturing impacts of design decisions clearly results in identifying
better designs, early identification of problems, and reduced scrap, rework, repair, and redesign.
Application of CE, often called Integrated Product Development (IPD), is now widespread.

As might be expected, the cultural impediments to implementing CE, particularly in large design
teams, can be significant. One issue that arises is the varying levels of detail that different team
members can bring to bear on a design in the early phases of development. As design concepts
are developed teams must balance the impacts on a range of performance considerations, cost,
producibility, schedule and risk. Often, the traditional analysis disciplines (performance, weight,
structural strength, etc) can make clear, quantified, strong cases for the impacts in their areas.
Producibility, cost, schedule, and risk have tended to be more subjective and based on experience
rather than analysis. Difficult design decisions tend to be made in favor of the cleanly quantified
issue - it won't perform, it weighs too much, it will break, etc. Serious manufacturing issues
become concrete at a later, costly phase of a project - during manufacturing.

Recognition of these shortcomings in CE, fueled by the almost explosive growth in affordable
computer power, is leading companies to apply the tools of virtual manufacturing.

3.0 The Need for SAVE

Virtual Manufacturing (VM) is the integrated use of design and production models and
simulations to support accurate cost, schedule and risk analysis. These modeling and simulation
capabilities allow decision-makers to rapidly and accurately determine production impact of
product/process alternatives through integrating actual design and production functions with next
generation simulation. The use of simulation software to achieve the objectives of virtual
manufacturing has been rapidly increasing throughout industry. The potential for these tools to
significantly improve affordability and reduce cycle times is widely accepted, but the potential
has not been fully achieved.

Many commercial manufacturing simulation tools with excellent capabilities exist on the market
today. Although many of these tools rely on similar types of data, differences in internal storage
structures and nomenclature have prevented easy tool to tool data integration. Often, large
amounts of data must be reentered, at considerable time and expense, to accommodate these
differing formats. Some point-to-point solutions do exist between specific tools, but as the
number of tools grows, this integration solution becomes unmanageable, and the benefits from
using an integrated tool suite go unrealized.

1-5
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The Simulation Assessment Validation Environment (SAVE) program, led by Lockheed Martin
under contract with the Air Force Research Laboratory (AFRL) with funding from the Joint
Strike Fighter Program Office, addressed these limitations by developing and implementing an
open architecture environment to integrate manufacturing modeling and simulation tools. SAVE
also demonstrated this integrated simulation capability to significantly reduce product life cycle
costs.

The initial phase of the program, completed in August 1996, established a core tool suite
integrated via the Defense Advanced Research Projects Agency (DARPA) developed Rapid
Prototyping of Application Specific Signal Processors (RASSP) architecture. The core tool suite
incorporates commercial CAD, factory simulation, assembly simulation, schedule simulation,
cost and risk modeling capabilities.

During Phase 11, the SAVE team developed a Common Object Request Broker (CORBA) based
approach to tool integration which provides a solid foundation for ultimate production use and
commercialization of SAVE. The CORBA-based infrastructure now includes the SAVE
Common Data Model, a Work Flow Manager, and a Query System for interactive access to the
Data Model. In addition, commercially available dimension and tolerance simulation capabilities
have been added to the VM environment. An Electronic Collaborative Design Notebook is
considered essential to SAVE, and although it is not being developed under the contract, a
commercially available web-based product was used for Phase II.

4.0 Objectives of SAVE

In recent years, manufacturing modeling and simulation software has seen increased use
throughout industry. Rapid advances in computing hardware and software now allow accurate
simulations of complex processes. Computer graphics provide Integrated Product/Process
Teams (IPPT) with the means to efficiently understand the results of these simulations and make
critical design and manufacturing decisions, without resorting to costly physical prototypes.

Growth in the use of virtual manufacturing tools has only been limited by the costly, manual
transfer of data among the set of simulation tools. Typically, a design team will use a 2-D or 3-D
CAD package for design. The team will then assess the manufacturing impact of product and
process decisions through use of a set of virtual manufacturing tools to assess cost, schedule, and
risk. The tool capabilities typically include:

. Process planning

. Dimension and tolerance analysis
. Schedule simulation

. Risk analysis

. Assembly simulation

. Factory simulation

. Ergonomic simulation
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. Feature-based costing

These tools use much of the same data as input, but each requires different internal data formats.
Manual reformatting and reentry of these data are prohibitively costly. The vision of SAVE is to
provide a system for integration of simulation codes into an efficient, easy-to-use capability to
rapidly assess the manufacturing impacts (cost, schedule, and risk) of product and process design
decisions.

A technical solution to the vision of SAVE has been successfully developed, and is nearing
commercialization.

5.0 Overview of SAVE Technical Approach

To understand the use of the SAVE Virtual Manufacturing Environment, it is necessary to first
gain an understanding of the basics of the technical approach to creating the environment. The
two primary elements of SAVE include the simulation tool integration and the tool execution and
management infrastructure. The integration allows tools to share common data without concern
for their computer platform, the location of that computer, or the language used to program the
tool. The execution and management infrastructure facilitates communication, management, and
access among the IPPT members using the system.

The components of the SAVE environment and their interfaces within the system are shown in
Figure 1-1. Together, these components provide a Virtual Manufacturing capability.
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Figure 1-1: SAVE Technical Approach
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The concept starts with classes of tools that are generally available in the commercial market and
is not dependent on a specific set of vendor tools. These tool classes are identified across the top
of Figure 1-1. They include the following:

« CAD

» Factory Simulation

* Virtual Assembly Planning

» Schedule Simulation

» Cost Modeling

* Risk Analysis

» Assembly Variability Simulation

At the heart of the infrastructure is the SAVE Data Model (SDM). It represents the data that is
common, or shared, among the tools and provides the contract for data exchange among the
various software tools. A graphical overview of the elements of the SDM is shown in Figure
1-2. The definitions and makeup of the data in the SDM are described in detail in Appendix C.
The SDM is designed so that it can be implemented with connections to various data storage
devices. This capability allows production implementations of SAVE to access the data
wherever it resides within the enterprise. For example, tooling data may reside in the PDM
System, while material data may be maintained in a separate relational database.
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Figure 1-2: The SAVE Data Model
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The SAVE architecture also contains a Work Flow Manager (WFM) that provides graphical
process modeling and tool execution. More details in the use of the WFM are provided in
Appendix L. In order to provide visibility into the information contained within the SDM, a
Query Manager (QM) application was developed by the SAVE team. This application,
described in Appendix M, provides the capability to browse, create, modify and delete
information in the SDM.

All of these components communicate with one another through Common Object Request
Broker Architecture (CORBA\) interfaces that adhere to the specifications of the SDM and WFM.
The use of CORBA in the SAVE architecture provides two primary benefits:

1. Software vendors develop a single interface for data exchange with other tools as opposed to
the point to point interfaces that would be required without the use of CORBA.

2. Implementations allow data storage locations to be defined by the deployment sites, not the
software development team.

In addition to the CORBA-compliant portions of the SAVE architecture, SAVE contains two
additional features. An electronic collaborative design notebook allows users to communicate
with one another and share information that is not part of the common data. This notebook may
also be used to collect decision-making history. Three-dimensional CAD data is a key element
of many simulation models. The SAVE environment provides a direct link from most major
CAD systems for extracting pertinent feature data to both the cost analysis tool and the assembly
variability simulation tool. Currently, the CAD data is translated for use in the other tools, but
direct links are quickly becoming available.
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1.0 Overview

This concept of operations for the SAVE Virtual Manufacturing Environment provides an
overview of the system benefits, its components, their integrated function and a typical
application scenario.

2.0 Benefits of SAVE

The SAVE integrated tool suite provides a seamless environment for design and manufacturing
simulation using a common database for shared data. Within SAVE there is a great opportunity
for efficiency improvements through the repeated use of simulation data and results that supports
the “build once - use many times” philosophy.

Using SAVE and the commercially available tools within the suite provides the following
benefits to the concept design and development process.

» Cost estimation techniques will provide accurate prediction of the fabrication and assembly
cost of mechanical parts.

» Simulation of the manufacturing process will allow the identification and resolution of
bottlenecks before they affect the schedule, thus reducing span times and overhead costs.

» Simulation and validation tools will make it possible to identify and take corrective action on
manufacturing problems very early in the design process, thus providing a significant
reduction in design changes.

* Manufacturing simulation will identify potential problems in capabilities and capacity within
the planned manufacturing schema.

* Management tools will provide for an integrated process of developing cost, schedule, and
risk studies from a common database, thus allowing “what if” studies for the IPPT and
management visibility.

2.1 SAVE Impact on JSF

SAVE’s use of simulation permits the IPPT to understand the impact of preliminary decisions in
a timely manner in order to provide proactive feedback before Engineering Manufacturing
Development (EMD) begins. Studies have been conducted within the F-22 program to isolate
the anticipated SAVE process improvement over existing procedures. The expected percentage
gains in the JSF development and manufacturing processes were extrapolated from the F-22
studies and are shown in Table 2-1.
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Table 2-1: Expected EMD Process Improvements for JSF

SAVE METRICS

METRIC SAVINGS OBJECTIVE OF METRIC
DESIGN CHANGES 28% Effectiveness of Design Process
Control Unwanted Changes
DESIGN TO COST 12% Meet Production Cost Goals
PROCESS CAPABILITY | 5% Reduce Product Variation
Evaluate Key Capabilities
REDUCED FAB & ASSY | 6% Indication of Higher Quality
INSPECTION
LEAD TIME 10% Meet Production Cost Goals
REDUCTION
SCRAP, REWORK, 11% Reduce Cost of Non-Quality
REPAIR Evaluate Corrective Action Effectiveness
INVENTORY TURNS 2% Reduce Cycle Time
Reduce Non-value Added Activities

These savings represent a significant impact to the program. When applied during the life cycle
of the JSF program, the result is potential cost avoidance of $1B, or about 1-2% of the aircraft’s
projected life cycle cost.

2.2 SAVE’s Impact on Typical EMD Problems

At a lower level, SAVE can impact historical problem areas for EMD programs. Improvements
in these areas are due to both the use of the simulation tools themselves and the integrated
environment through which they share data.

2.2.1 Late Engineering Release

A significant contributor to the late engineering release problem is the lack of concurrent
understanding and development by engineering and manufacturing organizations. This lack of
coordination often results in corrective action by engineering before the design can be released.
The SAVE system facilitates early product/process decisions to provide clear guidance to the
EMD organizations which permits resources to be correctly coordinated and focused in the
selected direction. Should the decision parameters change, SAVE can rapidly react through
sensitivity studies to develop the optimum response and issue coordinated guidance to the
cognizant IPPT members.

2.2.2 Long Lead Times

The consequences of outmoded databases and non-integrated planning process are long lead
times. The integrated SAVE system allows the exploration of alternative resource allocation and
requirements. The system can address design considerations, make or buy decisions, and the
fabrication, assembly, and factory spans to develop alternative optimum processes that will
provide the shortest possible lead times. In the event customer or vendor requirements change,
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materials change, or timing issues develop, SAVE has the ability to assist the IPPT in developing
solutions to the lead time problem.

2.2.3 Part Shortages

Using the SAVE tool suite, resource requirements can be rapidly assessed and optimized to
provide shortest most cost effective paths. Simulations may be conducted rapidly to determine
the principal causes to the shortage and how best to engage a flexible manufacturing system to
make process improvements in the factory. Through SAVE, alternative schemes can be
analyzed to find which path permits the fastest recovery. The SAVE system can be applied to
the inventory management process that simulates the flow of both internal and external part
sources, their schedule, on dock status, and critical leverage points.

2.2.4 Factory Personnel Requirements

The ability to use ergonomic, assembly cell, and factory flow simulation tools provides
management a realistic means to explore the personnel requirements and then develop the most
efficient personnel utilization plan. The SAVE system can conduct sensitivity analyses for
different factory operating or environmental scenarios to forecast personnel needs.

2.2.5 Planning Completeness and Clarity

The IPPT early use of the SAVE tool suite expedites correct and concise product planning
through the modeling and simulation data capture and visualization process. The planners can
complete the manufacturing process plan with a high degree of confidence since they can track
and modify the process through simulation. The plans have been developed and verified in an
integrated modeling environment prior to beginning the physical manufacturing of EMD
components. In addition, the simulations created as part of this process may be deployed to shop
personnel as animated work instructions.

2.2.6 Tooling Performance

SAVE’s ability to verify design implications, their related processes, and/or planning
implementation prior to making parts and tools will reduce problems in the factory. Assembly
tool performance can be predicted and validated as part of assembly-cell simulation process.

2.2.7 Introducing New Processes and Procedures

New processes and procedures can be established and validated by SAVE’s simulation capability
prior to their being introduced into the factory. The implementation of the new methods can be
accelerated through the use of repeated simulations as part of training process for the factory
employee.

2.2.8 Processes Are Insufficiently Characterized

A major impediment to proficient manufacturing is insufficient process description and limited
characterization for the process or procedure user. SAVE’s simulation and modeling capabilities
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support the development, characterization, and verification of new assembly procedures and
processes.

2.2.9 Cycle Time Realization to Goal

SAVE enables bottom up simulations that can result in process optimization and improvement at
each level in the factory. Factory sensitivity studies can be conducted to isolate key areas that
restrict goal realization. From these studies, resource requirements can be rapidly assessed and
optimized to provide the shortest most cost effective plan to achieve the goals.

3.0 Components of SAVE Design and Simulation Tool Suite

The integrated SAVE tools are industry leading, off the shelf commercial tools that are normally
used as stand-alone environments.

These tools provide cost analysis, dynamic process visualization, planning, reduction of process
variability, factory floor layout, production flow analysis, facilities planning, and risk
assessment. The tool suite and its integrated environment are shown in Figure 2-1.

SAVE Virtual Manufacturing Environment

Environment Core

Desktop

Communications Layer
CORBA

Utilities
«Configuration Management
«Transaction Management

- SAVE Core Tools

-Workflow Manager
- Query Manager

SECEICNA SAVE DB

Figure 2-1: SAVE Virtual Manufacturing Environment

These tools are installed to support the needs of different projects and project domains. These
tools are integrated with the associated component and model libraries maintained in the SAVE
Data Model. The SAVE Data Model permits information to be exchanged between tools in a
manner that accommodates tool substitution without impacting information flow from one
process step to another.
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The SAVE tool suite encompasses the spectrum of virtual manufacturing permitting the
engineering and manufacturing team to use one or more of the tools to develop and analyze
associated simulation models. The SAVE architectural concept allows users to use their desktop
machine (either workstation or PC) to gain access to the available integrated tools and
information.

Table 2-2 lists the design, factory, and management tools that were selected for integration into
the SAVE environment. This table supplies the type of tool, the SAVE-integrated tool name and
developer, and an introductory description of the tool. Even though specific vendor tools are
mentioned here for the purpose of this discussion, the SAVE infrastructure supports any tool that
fits into these classes. The sections that follow provide a more detailed description of the
functions, inter-relationships, and expected usage of these tools in the SAVE environment.
Within these sections, the tools are divided into three distinct categories: Design, Factory, and
Management.

Table 2-2: The SAVE Tool Suite

Computer Aided Design (CAD)

DASSAULT CATIA: A 3D design tool widely accepted by major aerospace companies
throughout the world. Provides part, assembly, tool, inspection equipment and support
equipment designs and NC programs.

Dimensional Management- Part

Engineering Animation VSA-3D: Statistical simulation analysis to predict the amount of
variation that can occur in an assembly due to specified design tolerances.

Assembly Cell Simulation

DENEB IGRIP: An assembly cell process simulation tool with advanced 3D graphics for
visualization. Can be used to provide ergonomics simulation and off-line programming and/or
human model interactions.
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Factory Process Simulation

DENEB QUEST: Factory process simulation tool for assessing productivity, cost-effectiveness,
and efficiency of proposed manufacturing systems. Quest provides a full system for analyzing
cycle times, throughput, and factory flow. This system would consider feasible manufacturing
alternatives.

Ergonomic Analysis

DENEB ERGO: Simulates and analyzes ergonomic and human factors engineering issues. It
provides a visual analysis of a person in a virtual workspace and allows evaluation of access,
safety, etc.

Schedule Simulation

SYMIX FACTOR / AIM: Provides capacity design and continuous capacity scheduling through
the use of a graphical user interface, database, and simulation technologies. This tool is also
used to perform “high level” factory process simulation prior to full CAD model development
and help define feasible manufacturing alternatives.

Cost Estimating

COGNITION COST ADVANTAGE: An expert system shell for building cost algorithms which
evaluate a design based on features, material and processes. It assigns costs to these attributes
and provides a total cost estimate of a part or assembly.

Risk Analysis-Component Level

SAIC ASURE: The Analytical System for Uncertainty and Risk Evaluation (ASURE) is an
analytical tool that supports better decision making in any development or acquisition process.

Each tool employed by SAVE represents an independently functioning simulation. The SAVE-
enabled linking of the models allows the interaction of key variables and data from one model to
another. This ability leverages the strengths of the individual models by permitting complex
design, assembly, and factory scenarios to be addressed with a high degree of confidence in the
results.

The IPT using the SAVE tools within the SAVE architecture will be able to process information
and pass the output to the SAVE Data Model where it will be available as input data for the other
SAVE tools. An example is the use of IGRIP/ERGO to simulate an assembly operation to
generate span time information. This span time information is used in the QUEST factory
simulation for bottleneck analysis, the FACTOR/AIM schedule tool for resource utilization
studies, and the cost model for assembly cost estimation. These types of inter-relationships are
typical of the entire tool suite. Table 2-3 shows the usage of the SAVE shared data element
categories by tool. Figure 2-2 illustrates the flow of this data through the system via the SAVE
interface.
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Table 2-3: SAVE Tool Suite Shared Data Elements

Data ASURE CA FA IGRIP QUEST VSA Project
Times/ 1. Calc | 3. Use 2. Update | 3. Use 3. Use
Durations
Schedules/ 2. Update 1. Input
Dates 3. Use
Cost 1. Calc
Quantity 1. Use 1.Use | 1. Use 1. Use
Produced
Op 2. Use 2.Use | 2.Use 2. Use 2. Use 2. Use 1. Input
Name/ID/Desc
Op Precedence | 2. Use 2.Use | 2.Use 2. Use 2. Use 2. Use 1. Input

3. Update | 3. Update | 3. Update | 3. Update
Op 1. Use 1. Use 1. Use 1. Use 1. Use
Repetition/Qty
Op Type 1. Use 1. Use
Features 1. Use 1. Use 1. Use
Part Name/# 2. Use 2.Use | 2.Use 2. Use 2. Use 2. Use 1. Input
Part Quantity 1. Use 1.Use | 1. Use 1. Use 1. Use
Part Type 1. Use 1.Use | 1. Use 1. Use 1. Use 1. Use
BOM/ 1. Use 1. Use 1. Use 1. Input
Indenture
CAD 1. Use 1. Use 1. Use
(Part/Rsrce)
Materials 1. Use 1. Use 1. Use
Standard Hours 1. Use 1. Use 1. Use
Risk 1. Calc 1. Calc
(cp,cpk.etc.) 2. Use
Person 2.Use | 2.Use 2. Use 2. Use 1. Input
Resource 4.Use | 3. Update | 4. Use 3. Update 4. Use
(Name,Qty,
Skill)
Tool Resource | 2. Use 2.Use | 2.Use 2. Use 2. Use 2. Use 1. Input
(Name,Qty, 4. Use 4.Use | 3. Update | 3. Update | 3. Update | 4. Use 4. Use
Type)
Calendar/Shift 1. Use 1. Use
Tool 1. Use 1. Use
Reliability
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Figure 2-2: SAVE Tool Suite Data Flow

In order to provide a better understanding of the system and its interactions, each tool within the
design, factory and management categories in SAVE is described in more detail in the following
sections. The descriptions will contain graphics depicting the usage of the tool in a typical
development program as well as illustrations showing the tool descriptions with data interactions
from sources (inputs) through sinks (outputs). Figure 2-3 shows the format for this tool
description.

OUTPUT
FROM
TOOL

TA
SOUR( STINATION

IMPACTS TO METRICS

Figure 2-3: llustration/Description Format for SAVE Tool Suite
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3.1 SAVE Design Related Tools

Computer Aided Design and Dimensional Management tools provide 3D design and tolerancing
capabilitiesthat are just beginning to be fully exploited in new product development programs.

Computer Aided Design (CAD)

A three-dimensional design tool. Provides part, assembly, tool, inspection equipment and support equi pment
designs and N/C programs.

Dimensional Management- Part

Statistical simulation analysisto predict the amount of variation that can occur in an assembly due to specific design
tolerances.

Figure 2-4 depicts the expected usage of the above tools over the life of atypical Engineering and
Manufacturing Development (EMD) program. The segments of the graph are divided along major E& MD
milestones as follows: Contract Award to System Design Review (SDR). SDR to Preliminary Design
Review (PDR), PDR to Critical Design Review (CDR), CDR to Physical Configuration Audit (PCA), and
PCA to Full Production.

INCREASING USAGE

Go Ahea

to System
Design
Review

POST
; PCA
Design PCA PRODUCTION

Figure 2-4: Design Tool Usage
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3.1.1 Computer Aided Design (CAD) Tool

Almost every major aerospace company in the world uses 3-D design tools. They provide geometric
information for part, assembly, tool, special inspection equipment, special support equipment designs and
N/C programs.

The Computer Aided Design (CAD) tool is used to generate three-dimensional solid models from part /
assembly definitions input by engineers or suppliers. This CAD system provides the geometry for part and
assembly designs, tool designs, and N/C programming all from one common source. Additionally, the data
generated by CAD will also be used as input to the factory simulation, assembly cell simulation,
ergonomics evaluation, assembly and part tolerancing, and cost modeling packages.

CAD’ s planned utilization during the course of an EMD program is forecasted in Figure 2-5. CAD is
normally the first EMD tool used in a development program. The interaction of CAD and the other SAVE
toolswill have asignificant impact on the potential improvement of key metrics.

CAD TOOL USAGE

INCREASING USAGE

Figure 2-5: CAD Utilization

The sources for the CAD input of part and tool definition, characteristics, and assembly data are shownin
Figure 2-6. The primary outputs of CAD include 3D solid models, tool designs, specifications, NC
programs, factory floor plans, inspection equipment, and other related product/process information may be
inputs to other components of the SAVE tool suite.
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3.1.2 Dimensional Management Tool

This tool mathematically fits a “gage” to the three dimensional model of the part. This “gage” is
then used to determine if the design, tooling, manufacturing and assembly processes as specified
optimally meet requirements. Part tolerances, datum schemes, assembly process variations and
part deflections are used to determine over / under constraints assigned to part tolerances.

The calculated optimum tolerances are available for input for further evaluation by assembly
tolerance models, cost models, and schedule and risk simulations. Dimensional management
tool utilization during the course of an EMD program is forecasted in Figure 2-7 shown below.

ZToorpmMmu0Z —

PDR to

Critical CPR o PCA

Desian
) POST PCA
Desian PRODUCTION

Figure 2-7: Dimensional Management Tool Usage

The sources for the tolerance analysis data are shown in Figure 2-8. The tolerance assessments
are conducted as part of the design evolution of components, assemblies, and manufacturing
tooling. This software program uses statistical simulation techniques to predict the amount of
variation that can occur in an assembly due to specified design tolerances, fixturing tolerances
and manufacture/assembly variation.
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Figure 2-8: Dimensional Management Tool Interactions
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3.2 SAVE Factory Related Tools

Assembly, process and ergonomic simulations provide the heart of SAVE’s capabilities with respect to
manufacturing simulations of shop floor processes.

Assembly Cell Simulation

An assembly cell process simulation tool with advanced 3D graphics for visualization. Can be used to provide
ergonomics simulation and off-line programming and/or human model interactions.

Factory Process Simulation

Factory process simulation tool for assessing productivity, cost-effectiveness, efficiency of proposed manufacturing
systems, cycle times, throughput, and factory flow analysis.

Ergonomic Analysis

Simulates and analyzes ergonomic and human factors engineering issues. It provides avisual analysis of apersonin
avirtual workspace and allows evaluation of access, safety, etc.

Figure 2-9 depicts the expected usage of the above tools over the life of the EMD program. The segments
of the graph are divided asfollows: Contract Award to System Design Review (SDR), SDRto
Preliminary Design Review (PDR), PDR to Critical Design Review (CDR), CDR to Physical Configuration
Audit (PCA), and Post PCA to Full Production.

SAVE MANUFACTURING TOOL USAGE

SIMULATION

INCRFASING | ISAGE

’ASSEMBLY/ROBOTIC
ELL SIMULATION

ERGONOMICS
SIMULATION

Go Aheadto
Sys. Design
Review

PRODUCTION

Figure 2-9: Factory Tool Usage
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3.2.1 Assembly Cell Simulation Tool

The assembly simulation tool is used to simulate machinery, robots, and human interactions
within an assembly work cell. The tool uses data from ergonomics models, and scheduling to
verify and prototype concept designs involving structures, mechanical systems and humans.
Actual device geometry, motion attributes, kinematics, clamps, fixtures and input / output logic
are incorporated to produce simulations.

The resultant data is available for input to scheduling, cost, risk, factory simulations, and
production models as a refinement in the entire model feedback loop. Additionally, the
completed models allow for simulation based training to be conducted with end-users, who can
achieve proficiency in operating and maintaining weapon systems without the associated risk to
production schedules. Figure 2-10 depicts the anticipated usage of the assembly cell simulation
tool during an EMD program.

Figure 2-11 shows the interactions for the assembly cell simulation tool. This tool uses advanced
three-dimensional graphics for visualization and provides an interactive environment in which to
verify production concepts, work cell designs, and manufacturing processes before implementing
them on the shop floor.

ASSEMBLY CELL / ROBOTICS SIMULATION TOOL USAGE

INCREASING USAGE

Go Ahead {0
Sys Design SDRto
Review Prelim. PDRto
Design Critical
Design

CDRto PCA

POST PCA PRODUCTION

Figure 2-10: Assembly Cell Tool Usage
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Figure 2-11: Assembly Cell Tool Interactions
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3.2.2 Ergonomics & Human Factors Simulation Tool

The ergonomics ssimulation model uses Operational Safety and Health Administration
(OSHA) and industry guidelines regarding energy expenditure, lifting capacity, and
posture anaysis integrated with human factors engineering to simulate worker
movements within the workplace.

It allows a visual analysis of a person in a virtual work environment designed and scaled
to smulate the environment. The IPPT can explore alternative set-ups to evaluate their
respective issues such as access, safety, time requirements and work capacity before
committing to a particular arrangement.

The findings of this model act as direct inputs into the scheduling model, the assembly-
cell, factory simulation, risk, and production models.

The ergonomics simulation model utilization that is forecasted for an EMD program is
shown in Figure 2-12.

INCREASING USAGE

Design POST PCA
PRODUCTION

Figure 2-12: Ergonomics Tool Usage

The human factors specialist can determine if a worker's anthropometry will alow
him/her to work comfortably in an existing workplace. The industrial engineer can use
ergonomics simulation to check the workplace design to ensure the worker can complete
their job in the alocated time. This engineer can aso use ergonomics simulation to test
time standards for new tasks and improve time standards for existing jobs. Figure 2-13
shows the inputs and interactions for the ergonomics simulation tool.
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Figure 2-13: Ergonomics Tool Interactions
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3.2.3 Factory Simulation

The factory ssimulation tool is used for assessing productivity, cost-effectiveness and
efficiency of proposed manufacturing systems. It is an interactive, three-dimensional
graphical simulation tool that allows users to generate, or import from CAD, geometry to
represent the factory system. This enables users to quickly build, modify and optimize
simulation models of their individual operations.

Factory ssimulation may be used in an interactive graphical mode, or it may be run merely
generating alisting of the results. It provides afull system for analyzing the difference in
production rates between proposed alternatives, and how those alternatives will affect the
financial operation of the system.

The factory simulation utilization that is forecasted for an EMD program is shown in
Figure 2-14 below.

FACTORY SIMULATION TOOL USAGE

INCREASING USAGE

Design POST PCA

PRODUCTION

Figure 2-14: Factory Simulation Tool Usage

This tool directly emulates real-world system behaviors that are associated with each
resource, including factory flow activities, routing, sequencing, and merging. It aso
permits the manufacturing representatives on the IPPT to test aternative factory layouts
in the course of developing the optimum operation.

The results generated by the factory simulation model may be used as direct feedback
into the scheduling systems, the assembly-cell systems, and the risk, production and cost
models. The interactions of the factory simulation tool are shown in Figure 2-15.

2-24
Distribution Statement A: Approved for public release. Distribution is unlimited.



OUTPUT

« FACTORY LAYO UT
INPUT
—_— FACTORY « MATERIAL FLOW & SPANS
* PROCESS PLANS « REOURCE REQUIREMENTS
« FACTORY PROCESSES

* LINE FLOW VISUALIZATION
*« SPANTIMES SIMU LATION « ASSEMBLY VISUALIZATION

« FACTORY LAYO UT « CAPABILITIES ASSSESSMENT
*« REVISED PROCESS PLAN

SOURCE *SCHEDULES
*«CAPACITY PLANNING
SUPPLIER * MANPOWER ANALYSIS
SCHEDULES

ASSEMBLY/

ERGONOMIC
SIMULATION

SOURCE
FACTORY SCHEDULING

+ MATERIALFLOW &SPANS

+ RESOURCE REQUIREM ENTS
+ LNE FLOW VISUAUZATION
+ FACTORY LAYOUT

« ASSEMBLY VISUALIZATION . COSTMODELING

SOURCE
INDUSTRIAL ENGINEERS -
+ FACTORY LAYOUT i 1 TECHNICAL RISK

+ RESOURCE REQUIREM ENTS

+ MATERIAL FLOW &SPANS ! sy [ ANALYSIS

SOURCE
MFG ENG INEERS f - FACTORY /SCHEDULE

+ ASSEMBLY VISUALIZATION ¥ SIMULATION
« CAPABIUTIES ASSESSVENT
« LNE FLOW VISUAUZTION

SAVE METRICS IMPROVED PROCESS
*DESIGN TO COST * INVENTORY TURNS PLANNING
« LEAD TIME REDUCTION * FAB& ASSEMBLY

« PROCESS CAPABILITY INSPECTION
« DESIGN CHANGE

Figure 2-15: Factory Simulation Tool Interactions
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3.3 SAVE EMD Management Related Tools

Schedule, risk, and cost estimating tools provide the basis for the assessment capability
within the SAVE tool suite. These tools aid management in optimizing their decision-
making process.

Schedule Simulation

Provides capacity design and continuous capacity scheduling through the use of a graphical user
interface, database, and simulation technologies to build, simulate capacity planning, logistics,
production scheduling and schedule management.

Risk Analysiss=Component L evel

Provides information regarding consequences associated with decisions. This information
allows for guidance in decision making in development or acquisition processes.

Cost Estimating

An expert system shell for building cost algorithms which evaluate a design based on features,
material and processes. It assigns costs to these attributes and provides a total cost estimate for a
part or assembly.

Figure 2-16 depicts the expected usage of the above tools over the life of the EMD
program. The segments of the graph are divided as follows. Contract Award to System
Design Review (SDR), SDR to Preliminary Design Review (PDR), PDR to Ciritical
Design Review (CDR), CDR to Physical Configuration Audit (PCA).

RISKANALYSIS
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SCHEDULE SIMULATION
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PRODUCTION

Figure 2-16: Management Related Tool Utilization
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3.3.1 Schedule Simulation

Scheduling is critical to all phases of an EMD program. By inputting factors, required
delivery dates, and milestones from planning and pricing systems; manpower analysis,
resource requirements, availability, capacity design and planning information may be
produced.

This is accomplished through the use of a graphical user interface (GUI), database, and
simulation technologies that build and ssimulate logistics and production. All this data
provides input for the factory and assembly cell simulations, ergonomic models, cost
models, risk models and production models.

The schedule simulation utilization that is forecasted for an EMD program is shown in
Figure 2-17 below.

SCHEDULING SIMULATION TOOL USAGE

INCREASING USAGE

Design POST PCA

PRODUCTION

Figure 2-17: Schedule Simulation Tool Usage

The scheduling function is built around a relational database that stores the
manufacturing operation description and simulation output. The description of the
manufacturing process used by the scheduling package can be created through its own
interface or by using existing manufacturing data.

Scheduling models are built graphically and are animated automatically. Animations
show machine, operator, fixture, buffer, and part status. Materia handling equipment
status is shown accurately with displays of transporter system’'s movement and
accumulation. When vehicles are transporting loads, the fixtures and the parts they
contain are shown.

Figure 2-18 shows the inputs and interactions of the schedule simulation tool.
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Figure 2-18: Schedule Simulation Tool Interactions
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3.3.2 Risk Analysis

The risk analysis package is designed to assist the IPPT in incorporating uncertainty
factors into their system or concept evaluation decisions when there may be limited data
upon which to base the decison. The computational element establishes input
distributions, performs uncertainty propagation, and generates confidence profiles for
each selected decision criteria.  For example, if cost is a key driver in the decision
process, the risk analysis will focus on the cost values and the variables that may effect
them. The confidence profiles portray the output uncertainty on a variable (decision
criterion) as a cumulative distribution on the values. These profiles can include the
probability density function, cumulative probability distribution, etc. These distributions
may be used as direct input to the production model risk analysis.

The graphic in Figure 2-19 shows the risk simulation tool use for an EMD program is
below.

RSK SVIULATION TOOL USAGE

Figure 2-19: Risk Simulation Tool Usage

This risk estimation tool permits the capture and management of evolving system
concepts. It allows easy access to the available data for effective analysis and uncertainty
management. This tool assists decision makers in incorporating risk and uncertainty in
system or concept evaluation decisions based on limited test data and science-based
models for estimating system characteristics.

The risk tool permits the capture and management of evolving system concept
description. It provides the IPPT and program management easy access to risk related
data for analysis and uncertainty management.

Figure 2-20 shows the inputs and interactions for the risk analysis tool.
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Figure 2-20: Risk Analysis Tool Interactions
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3.3.3 Cost Simulation Tool

The cost modeling tool is an expert system shell that supports the building of cost and
producibility algorithms that evaluate a design based on features, materials, resource
requirements from process simulators and process plans for the part / assembly. It
assigns a pre-determined cost to each of these attributes and provides a total roll-up cost
estimate of the part or assembly. Estimates are available to designers while creating a
design, and for team resource evaluations supporting major program producibility and
cost decisions.

The cost modeling tool will directly link with the CAD function to make evaluations
based directly on design criteria for generating a variety of outputs at the various stages
of the decision making process. Additionally, shared process plan and process time data
can be shared from process simulators to provide high fidelity cost data that can
incorporate production rate as well as span.

The graphic in Figure 2-21 shows the cost s mulation tool use for an EMD program is
below.

OOsT SMULATIONTOOL UBAGE

INCREASNGUSAGE

Design

PRODUCTION

Figure 2-21: Cost Simulation Tool Usage

Thistool is a Design for Manufacturing (DFM) expert system that initially provides high
level cost data, design guidance, and producibility analysis. It captures manufacturing
process knowledge throughout the design cycle and leverages that information to identify
costs drivers through all stages of a product’slife cycle.

The inputs and outputs of the cost modeling tool are directly integrated with the risk
package, assembly-cell and production simulation packages. The cost modeling tool
interactions are shown in Figure 2-22.
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Figure 2-22: Cost Modeling Tool Interactions
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4.0 Typical SAVE Scenario

SAVE’s virtual manufacturing environment is a comprehensive modeling and simulation
environment where the optimum production fabrication / assembly can be determined after being
simulated with multiple engineering and manufacturing variables. The full scope of SAVE’s
virtual manufacturing environment supports all phases of system development including concept
design, demonstration / validation, engineering / manufacturing development, and production.

The principal users of the SAVE system are the IPPTs, who will carry out detailed simulation
and modeling to evaluate design and manufacturing process alternatives that directly impact risk,
cost, and schedule. SAVE’s comprehensive tool suite facilitates the detection of problem areas,
limitations, and design errors using these simulations and provides guidance to avoid any
adverse impact on manufacturing cost, schedule or risk elements. These three elements can
actually become competing objectives during the analytical process. When matching
engineering, manufacturing, and business requirements, the relative priorities of cost, schedule or
risk will change depending on the situation. The ability to share common data between tools
enables the IPPT team members to quickly evaluate many scenarios and optimize the priority
element (cost, schedule or risk) and minimize the impact on the other elements. The SAVE
program provides the ability to develop integrated evolutionary manufacturing plans for complex
EMD programs.

As depicted in Figure 2-23, the SAVE concept with its’ associated common database allows a
virtual collaborative effort by all IPPT team members in any linked remote site.
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Figure 2-23: SAVE’s Virtual Collaborative Environment
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This effort can include the entire EMD team and selected suppliers. This close cooperative
working relationship throughout the design process is the keystone of the IPPT concurrent
engineering effort. Among the benefits of this strategy are thorough assessment of producibility
and maintainability capabilities and minimizing or eliminating expensive design and tooling
changes.

Key parts of the SAVE system are the architecture, configuration control, and electronic
documentation tools that ensure that everyone in the IPPT team is using the proper baseline,
constraints, assumptions, and current data sets when performing their part of the overall analysis.

The following scenario discusses a typical SAVE tool use sequence that is representative of a
modification program and/or new design effort.

4.1 Requirements Analysis

The new design or change is defined in terms of performance and engineering requirements. The
first element of developing an evolutionary EMD plan is the early identification and analysis of
potentially responsive concepts through an iterative process of requirements analysis, synthesis,
and sizing. Figure 2-24 shows a typical requirements flowdown for this type of development
activity.

REQUIREMENTS

CUSTOMER

Tier 3 IPPT
<r 2 IPPT
el

“Tier 1 IPPT
Weapon

System Tier 4 IPPT

Component

Tier 5 IPPT
Element

Designer

ME
Planner TS

REQUIREMENTS
& DESIGN CONCEPT

Figure 2-24: Customer Requirements Flow Down To IPPT

The evaluation process for each potential concept begins with the Engineering organizations
constructing alternative conceptual design models in the CAD tool. In addition to target
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performance, the manufacturing objectives of cost, schedule and risk are prioritized into
hierarchical objectives and become part of the requirements list for each concept alternative.
This information is used by the IPPT to develop design and process alternatives that will
potentially satisfy the requirements. Once options are developed the IPPT may employ the
virtual manufacturing environment to assess those alternatives relative to the objectives.

Figure 2-25 presents the hierarchical objectives of cost, schedule, and risk that would be used to
evaluate each engineering alternative. Although all three objectives are important, the IPPT
would determine the relative priority for each of these three objectives. This flowdown format is
applied to each engineering alternative, which supports design of simulation experiments and the
identification of appropriate response variables.

Hierarchical Objective Structure

PROCE
i opuon WM PROCESS

I
I I | ' '

| |

____ [
Factory Capacity Resource Assembly| Assembly
Layout Planning Regmnts Robotic Manual

Avg Cost Product Number of
per unit Deliveries

QARS

Figure 2-25: Hierarchical Arrangement of Cost, Schedule, and Risk

4.2 Examine Component Data

In the case of a design change, the historical manufacturing data is used to define the baseline for
the modification process. This includes any existing CAD models, figures for total costs-
including activity cost breakdowns, schedules- broken down by spans for each activity, quality
and risk data detailing scrap, rework and repair and maintainability data.

In the case of a new design, data from similar designs, independent studies, and vendor quotes
provide baseline data for the new design.
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In either case, once the preliminary baselines are established for the concepts, the integrated
SAVE EMD process uses the same tool suite and evolving SAVE data sets from contract award
through production. The order and precedence of SAVE tool usage and the depth within the
supply chain, however, will change as the program progresses.

4.3  Concept Analysis

The feasible design alternatives are refined through a series of initial trade studies and analyses.
Simultaneously, preliminary goals and metrics relative to cost, schedule, quality and risk
mitigation are established. The ultimate goal of this endeavor is to choose a responsive set of
functional alternative(s) that can be designed and manufactured on schedule with minimum cost
and risk.

The Manufacturing Planner, Manufacturing/Producibility Engineer, Tooling Engineer, Facilities
Engineer work with the Designer to ensure the alternative components and assemblies can be
efficiently manufactured. Manufacturing experts use the modified, current, or new design CAD
models to develop assembly cell simulation models. Using minimal CAD information, the
visualization and simulation processes can identify many of the implications for each concept
alternatives.

The engineering requirements, CAD, and manufacturing data serve as inputs to the SAVE tool
suite to perform cost simulation, schedule simulation, and risk simulation. The CAD and
manufacturing data are used to develop an initial manufacturing process plan with critical path
process steps, “minimum crew” manpower requirements, minimum tool, and minimum capital
equipment requirements. Using the schedule tool, “high level” simulations are performed to
develop preliminary resource requirements (manpower, workstations, major tooling), generate
preliminary schedules, and produce the initial manufacturing process plan. This initial schedule
output provides input to the cost-estimating tool for preliminary cost evaluation. Using the
preliminary schedules and the cost evaluation, an initial risk assessment can be performed.

During this initial phase of the analysis, it is likely that several simulation scenarios using the
schedule tool will be required for each engineering option to get a reasonable match between
schedule and resource requirements (line balancing). By understanding the key driving variable,
use of DOE (design of experiments) methodology can be used to evaluate cost, risk, and
schedule in a structured manner. Once cost, risk, and schedule have been evaluated using the
SAVE modeling and simulation tools, sufficient information to the IPPT will be available to
select the final acceptable configuration, or at least eliminate the majority of the contenders.
This data flow expansion is depicted in Figure 2-26.

The best solution depends on the relative priorities of performance, risk, cost, and schedule.
SAVE provides the capability to rapidly run a series of different analyses with different cost,
risk, and schedule premises for each alternative. The IPPT will take advantage of the tool suite’s
capability to simulate, evaluate, and select the individual alternative that is most responsive to
the program drivers. One of the advantages of the integrated tool set is that concept model
development and virtual manufacturing models can be developed concurrently during the
conceptual design process. This is a tremendous advantage to the analytical fidelity of all design
alternatives since the expensive and time consuming process of model development and
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engineering analysis using “point solutions” typically would not be performed on “apparent”
high risk or cost inefficient designs.
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Figure 2-26: Component Concept Data and SAVE Infrastructure

The IPPT makes the final selection after conducting virtual manufacturing analysis for each of
the proposed design alternatives. Before selection, each design is evaluated in terms of
engineering performance, materials, tolerance boundaries, manufacturing ramifications, cost
implications, risk mitigation, and schedule. At this point, the optimum manufacturing approach
can be further refined through capacity analysis, automation and ergonomic analysis, and facility
and procurement optimization. Additionally, the use of animation tools can be used for
management presentations to promote “visualization” during the review and decision making
phase.

4.4  Concept Selection

SAVE provides the tools to develop a traceable analysis that permits the IPPT to rationally select
the optimum design concept. By using a structured method of analyzing cost, risk and schedule
with the SAVE tool set and data base, the engineering concept(s) best meeting the engineering
requirements as well as being affordable can be efficiently identified and validated.

The design, manufacturing process plans, and tooling designs for the concept(s) are ready to
enter into the preliminary design segment of the program evolution. Along with the preliminary
design effort, the IPPTs continue the modeling and simulation process required to complete an
approved baseline manufacturing process plan for the concept(s). This plan includes initial
process selection, tooling requirements, make or buy decisions, assembly sequencing, installation
sequencing along with preliminary manufacturing cost, schedule and risk assessment data. The
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IPPTs and program management will have clear insight into the manufacturing plan and the
associated cost, risk, and schedule data.

Once the feasible engineering alternatives have been identified, the Preliminary Manufacturing

Plans are developed for each feasible alternative and the SAVE virtual manufacturing tool set is
used to systematically evaluate each alternative (Figure 2-27).
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Figure 2-27: Options Are Filtered by SAVE Tool Suite
4.5 Using The SAVE Tool Suite

All of the SAVE tools work in concert to visualize, modify, update, evaluate, and document the
design’s evolution. The results of this evolving analysis are documented in the collaborative
engineering notebook, which allows the IPPT to move forward with a collective understanding
of the overall EMD project. In order to discuss each tool’s contribution to the program, the
scenario is stopped in time where the current manufacturing plan is about to be modified or
released based on the outcome of that particular tool’s analysis. The engineering activities
related to preliminary design are not within the scope of this document, but obviously, they are
an integral part of the IPPT process.

45.1 Cost Analysis

A cost assessment will be conducted using the preliminary design, a proposed manufacturing
process plan, and existing process resource data (manheads, # tools, # workstations, Capital
equipment) for each manufacturing alternative. Figure 2-28 presents the primary data elements
for performing assembly cost analysis.
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The cost tool provides initial information to the simulation/scheduling tool, which includes
minimum crew size, required tool set, critical path, and peripheral labor requirements. The
process simulation tool returns information including process steps, time for each process step,
overall span time, manpower requirements, rate tool requirements, and simulation statistics. The
detail component, assembly models, and geometric attribute data are provided by the CAD
system. The cost analysis result will be an update to the baseline cost data detailing overall
assembly-level costs and itemized cost analysis for the fabrication of detail components. Cost
analysis is an iterative process that is modified each time a SAVE tool changes a cost related
process variable. The key “cost drivers” will be identified by the cost analysis and opportunities
for improvement and cost reduction will be documented in the electronic notebook.

Assembly Cost Emphasis
* # required
* Delivery Rate

Obtain critical path
process times
Detail component
list

Labor
Reqwrements

Minimum
assembly tool
requirements
(major tools)

Minimum
assembly tool
requirements
(small tools)

Figure 2-28: Data Elements for Performing Cost Analysis

45.2 Assembly Cell Assessment

Using the CAD model, the baseline manufacturing process plan, rate, and machining data from
the legacy knowledge base, a preliminary assembly cell model is constructed. The ergonomics
and assembly cell simulation models are the principal assembly cell evaluation tools.

These optimized assembly cell layouts are then simulated to provide more accurate span time
data, which are included in the next version of the EMD’s manufacturing process.
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4.5.3 Factory Assessment

A factory simulation model is constructed by applying the ergonomics and assembly cell
simulation model(s), factory data, and the updated manufacturing process plan. This model
provides a visualization of the factory assembly area (footprint) layout including the machinery
type(s), size, number required, and location of machinery.

The tool simulates the effects of sequencing / timing on the efficiency of the system, potential
line bottlenecks, layout improvements, inventory storage, and suppliers’ delivery schedules. The
simulation can assess the impacts of machinery breakdowns and servicing schedules. The tool
assists the IPPT and program management in determining the requirements for the optimal
output levels to meet schedules.

For facilities with existing functional production lines, the factory simulation model can be used
to provide a detailed evaluation of the impact of the new plan’s requiremen